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Synthesis
(1E,3E,9E,15E,17E)-5,14-Bis(benzenesulfonyl)-3,16-dimethyl-7,12-diphenyl-1,18-bis(2,6,6-trimethylcyclohex-1-enyl)octadeca-1,3,9,15,17-pentaene-6,13-diol (5). To a stirred solution of C 15 sulfone 3 (4.43 g, 12.86 mmol, 2.4 equiv) in THF (25 mL) at -78 °C was added 1.6 M hexane solution of n-BuLi (8.71 mL, 13.94 mmol, 2.6 equiv). The resulting red-orange solution was stirred for 30 min, and a solution of dialdehyde 4 (1.57 g, 5.36 mmol, 1 equiv) in THF (10 mL) was added for 5 min period. The mixture was stirred at -78 °C for 2 h, and 1 M HCl was added to quench the reaction. The reaction mixture was warmed up to room temperature, extracted with EtOAc (20 mL × 2), washed with 1 M HCl (15 mL × 2), dried over anhyd Na 2 SO 4 , filtered, and concentrated under reduced pressure. The crude product was purified by silica gel flash column chromatography to give the diol 5 (3.61 g, 3.67 mmol) in 69% yield. mmol, 3 equiv). The mixture was stirred at room temperature for 16 h, and extracted with CH 2 Cl 2 (40 mL). The reaction mixture was washed with saturated aqueous NaHCO 3 solution (10 mL × 2), dried over anhyd. Na 2 SO 4 , filtered, and concentrated under reduced pressure.
The crude product was purified by silica gel flash column chromatography (deactivated by 1% Et 3 N) to give the bis-MOM ether (2.99 g, 2.79 mmol) in 76% yield.
The above bis-MOM ether (2.99 g, 2.79 mmol, 1 equiv) was dissolved in cyclohexane (24 mL) and benzene (6 mL) under Ar atmosphere, and KOMe (1.96 g, 28.01 mmol, 10 equiv) was added. The resulting mixture was heated at 80~90 °C for 16 h, and then cooled to room temperature. Most of solvent was removed under reduced pressure, and the mixture was diluted with CH 2 Cl 2 . The mixture was washed with H 2 O, dried over anhyd Na 2 SO 4 , filtered, and concentrated under reduced pressure. The crude product (1.64 g, 2.47 mmol, 88% yield) which was practically pure and contained less than 15% of stereoisomers, was recrystallized from THF and MeOH to give all-(E)-13,13′-diphenyl--carotene (1) as a red solid. Scheme S2. Preparation of (E)-2,7-diphenyl-oct-4-enedial (4). C NMR peaks in parenthesis are from the diastereoisomer.
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1 H NMR Spectra of 13,13'-diphenyl--carotene (1) and-carotene (2). Comparison of steady-state absorption spectra of 13,13'-diphenyl-β-carotene in various organic solvents at room temperature. Each spectrum is normalized to its absorption maximum. Information on absorption maxima and relevant solvent properties are summarized in Table S2 . Energy profile for phenyl rotation in S 0 (black), S 1 (red) and S 2 (blue) of 13,13'-diphenyl--carotene. One phenyl group was rotated in 10° steps. Functionals: B3LYP (S 0 ), BLYP (S 1 , S 2 ). Note the large barriers at 0 and 180° and the additional small barrier at ca. 90°, which becomes more pronounced in the excited states. Table S3 . Gas-phase transition energies E, transition wavelengths  and oscillator strengths f from TDDFT-TDA calculations (BLYP 6-31+G*) for the first five excited singlet states of 13,13'-diphenyl--carotene and -carotene. 
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